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POWELL NILAND and WILLIAM H. KURTH 
Estim~ting ·Lost Volumes in a 
University Library Collection 
This study employed standard sampling theory to make a study of li-
brary book losses, but unlike previously reported studies, the investi-
gators instituted periodic searches for volumes missing after the orig-
inal search. Over a period of two years and nine months, the original 
loss figures were cut by more than 60 percent. 
With the assumption that the loss was related to the size of the col-
lection each year, thus taking into account the rapid growth in recent 
years, a rough estimate of the annual loss rate was obtained. This fig-
ure was adfusted to reflect known l-osses discovered annually (identi-
fication of which resulted in routine purging the shelflist of hold-
ings) yielding an adfusted estimated loss rate of about one-third of 
1 percent annually. 
FOR SOME TIME THE LIBRARY ADMINIS-
TRATION HAS BEEN CONCERNED with the 
pr9blem of missing books in the Wash-
ington University's central library (the 
John M. Olin Library). In the back-
ground of our concern there was the de-
sire to consider alternative security ar-
rangements. The present security ar-
rangements in Olin Library include 
using a single exit, where an inspector 
visually checks all briefcases and bun-
dles and verifies that all Olin Library 
books have been properly charged out 
(by inspecting a date stamped on a "due 
date" slip pasted inside the back flyleaf 
of each volume). 
Our concern led in the fall of 1970 
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to a systematic attempt to determine the 
book losses being incurred. No inven-
tory had ever be~n made of Olin's col-
lections; our attempt would thus give 
us some conception of the books lost 
since the start of the collection in the 
latter part of the nineteenth century. 
Given the obvious difficulty in making 
a complete inventory-at the time there 
were approximately 850,000 volumes-
we decided upon a sample study. 
The basic sampling technique used 
in this study is the same as that em-
ployed in two other recent studies by 
Bommer and Ford and Clark.1• 2 More-
over, the Bommer and Ford study had 
the same impetus, the analysis of the 
value of an electronic security system. 
One of the principal differences be-
tween our study and both the Bommer 
and Ford and Clark studies lies in the 
repeated searches for missing volumes 
incorporated into our study, in an effort 
to refine the estimate of missing vol-
umes. The need for doing this was the 
subject of a letter commenting on the 
Bommer and Ford article.3 Another is 
the use of a different assumption to 
break down a cumulative loss estimate 
into an annual loss rate. A third impor-
tant difference is the fact that we ex-
tended our analysis to a second, and 
quite different, collection. The contrast-
ing results we achieved in these two 
studies, together with the different mag-
nitudes of the estimates generated by 
the Bommer and Ford and Clark 
studies, led to our trying to analyze fac-
tors accounting for differences in loss 
rates among various libraries. 
DESIGN AND METHOD OF 
DRAWING SAMPLE 
It was decided to determine the pro-
portion of missing volumes with an ac-
curacy of about ± 10 percent, and with 
a confidence level in the range of 90 
percent to 95 percent. The "best guess" 
in advance of the study was that the 
percentage missing would be about 10 
percent of total volumes. Using the 
standard formula for a 95 percent con-
fidence level,4 a sample of about 3,600 
was indicated. At a 90 percent confi-
dence leve~ this was 2,400. So, we tar-
geted a sample in between, about 3,000. 
These were chosen as three subsamples, 
each of about 1,000. 
The shelflist rather than the card 
catalog was used to draw the sample, 
and the items were chosen by inches of 
material, rather than a fixed number per 
drawer. Use of the shelflist facilitated 
retrieval of information from both the 
stacks and the library's daily computer 
printout of volumes charged out to bor-
rowers, because all of these were ar-
ranged in the same sequence. Further-
more, the problem of cross-reference 
cards (present in the card catalog) was 
eliminated, along with the problem of 
cards in the catalog that referred to 
items located in departmental libraries 
(rather. than in Olin Library itself). 
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Using inches rather than a fixed num-
ber of cards per drawer to determine 
the number of items chosen eliminated 
the bias against drawers containing a 
large number of cards. Under a fixed 
number per drawer method, for in-
stance, we would pick two cards from 
a drawer containing 400 cards, and two 
cards from a drawer containing 1,000 
cards. At the same time, the tedium of 
counting every card, necessary if a fixed 
number of cards has been used, was 
avoided. 
Furthermore, the samples were accu-
mulated in lots of fifty, the researchers 
both compiling a list of fifty volumes 
and checking status information on the 
items in that lot the same day. All this 
"work unit" represented about four 
hours of work. This procedure enabled 
the data gatherers to appreciate the 
value of their efforts and also provided 
for some flexibility in making assign-
ments of employees to this task. 
In this fashion, three samples (A, B, 
and C) of approximately 1,000 cards 
each were drawn from the shelflist in 
January and February 1971. In each 
c·ase, the stacks were checked to establish 
the physical presence or nonpresence of 
each item on the shelf. Then each miss-
ing item was checked against the Circu-
lation Department's computer printout 
of books on loan. Volumes that were 
not found on the shelves and not listed 
as charged out to borrowers were classi-
fied as missing. 
INITIAL SAMPLING REsULTS 
The study data on March 1, 1971, are 
shown in Table 1. 
TABLE 1 
STUDY DATA AS OF MARCH 1, 1971 
Number in Percent 
Sample Sample Found Not Found Missing 
A 971 924 47 4.84 
B 887 845 42 4.73 
c 1091 1026 72 6.59 
Total 2949 2795 161 5.45 
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Employing the same formula used 
above, we solved for the accuracy of the 
5.45 percent figure and found that at 
the 95 percent confidence level, the up-
per limit for the percentage of books 
missing would be 6.3 percent and the 
lower limit 4.7 percent. That is to say, 
if our sample was truly unbiased, the 
odds were 95 in 100 that the proportion 
of books missing in the library will fall 
somewhere in the range of 4.7 percent 
to 6.3 percent, with 5.45 percent being 
the "best guess" figure. 
The figure of 5.5 percent was much 
less than our original estimate of 10 
percent. But the volumes in Olin by this 
time were approaching 900,000, so 5.5 
percent of these-49,500-was a signifi-
cant total. Assuming a cost to acquire 
and catalog of only $15.00 per volume 
-certainly minimal-the missing vol-
umes represented a loss of at least $750,-
000. 
AnnmoNAL SEARCHES 
Were all of the missing volumes per-
manently lost? Would some "turn up" 
later on? We decided to find out and ar-
ranged to check on the missing items 
five times over the following three 
years. By January 1972, ten months af-
ter the original searches, nearly half the 
missing volumes had been found, and 
only eighty-six ( 2.91 percent) were still 
lost. And by January 1974 only sixty-
five, or 2.20 percent, still could not be 
located. The effects of these searches, 
therefore, were to cut the missing vol-
umes to about 60 percent of their orig-
inal proportion. Applying our formula 
again after the last of these searches, at 
the 95 percent confidence level, the low-
er limit to the estimated proportion of 
books missing in the entire collection 
would be 1. 7 percent, the upper limit, 
2.7 percent, and the "best guess," 2.2 
percent.5 
Figure 1 plots this information for 
the total sample averages on a time axis. 
Attempts were made to fit various curves 
to these data points, including the Gom-
pertz, logistic, exponential, and second-
degree exponential. No completely satis-
factory fits could be obtained, however, 
because of difficulties in reconciling the 
first (March 1971) and second (July 
1971) data points. Curves that gave 
good fits to the second and later points 
gave estimated values for the first point 
that were substantially below its actual 
value. On the other hand, curves that 
obtained close fits through the first and 
second data points yielded unsatisfacto-
ry fits for the latter data points, notably 
for April 1973 and January 1974. For 
instance, a logistic curve (of the form 
Y
1 
= l_ + ABt, 
t K 
where yt is the percentage of books miss-
ing at time t) could be fitted in a way 
that yielded an estimate for the first data 
point of 5.44 percent, only .01 percent 
deviation from the actual. But the esti-
mate for the last data point (January 
1974) using this curve would be 3.06 
percent, which compared very unfavor-
ably with the actual value of only 2.2 
percent. 
It seems very likely that the magni-
tude of the first data point (March 
1971) reflects the effects of books in the 
process of being reshelved at the time, 
i.e., a .. float." This "float" was not 
checked. By the time of the second 
search, however, four months had 
elapsed, and all (or practically all) of 
the missing volumes that had been in 
the .. float" were now either on the 
shelves or recorded as checked out to a 
borrower-i.e., they were no longer miss-
ing. From the second search on, then, 
the .. float" did not significantly affect 
the number of missing volumes. 
The magnitude of this float probably 
would vary from one library to another 
depending on the details of their re-
shelving procedures. We, therefore, con-
cluded that a simple exponential curve 
(Yt = ABt) fitted to points II through 
,L. 
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VI (omitting I) was the most appropri-
ate general indicator of the effect of 
successive searches. The formula for 
the curve that does this is: 
Yt = 3.378 (0.9868t) 
where t = serial number of months ( 1,2, 
3, ... 34) from first search. It was cal-
culated by using a computer program 
for fitting regressions and is plotted on 
Figure 1. 
SHELFUST DELETIONS 
This turned out to be just the first 
step in estimating Olin Library's losses, 
since even if we accept the validity of 
the sampling results showing accumulat-
ed losses equal to 2.2 percent of the en-
tire collection deposited there, all this 
discloses is the discrepancy between the 
books the shelflist showed were in the 
collection in March 1971 and the vol-
umes actually there (or charged out to 
borrowers). Naturally, this raised the 
question of what deletions in the shelf-
list had been made over the years, for 
one reason or another. Investigation de-
termined that none of the existing staff 
knew of any physical inventory and, in 
particular, no actions since the library 
moved into its new building in 1962, 
that might have resulted in a wholesale 
revision of the shelflist. 
One regular •type of adjustment was 
made to the shelflist that bore on the 
question of book losses. This related to 
books that library users could not find 
themselves and that the Circulation De-
partment, after being asked to help, 
also could not find. The standard proce-
dure calls for three searches to be made 
for items of this type, the last taking 
place one year after the first. If the 
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item has not been found within the 
year, the card is withdrawn from the 
catalog. The annual average for the six 
years for which such data were avail-
able, 1967-1972, was 445 books. 
EsTIMATING TIIE ANNUAL Loss RATE 
There also remained the question of 
when these estimated book losses had oc-
curred. In the absence of a physical in-
ventory and purging of the shelflist, 
the 2.2 percent figure we obtained from 
our sample study presumably represent-
ed the cumulative losses over many dec-
ades and did not represent a rate of loss 
annually. 
If one arbitrarily assumed that all of 
these losses occurred during the past ten 
years and that they were spread out 
evenly over that period, an annual loss 
rate of only about one-fifth of 1 per-
cent ( 0.22 percent) is indicated. This 
rate is so small that taking compound-
ing into account makes no significant 
difference-the loss rate would still be 
0.22 percent per year. 
Complicating the determination of 
annual losses was the fact that this col. 
lection 4ad doubled during the decade, 
1962-72, reaching 953,809 volumes by 
1972. We speculated that losses each 
year bore some relationship to the num-
ber of volumes on hand, with larger 
losses being incurred when the collection 
was (relatively) large (i.e., the more re-
cent years) than ·when it was small. We, 
therefore, sought a level annual rate of 
loss that, applied to the starting inven-
tory ten years earlier and to each year's 
additions beginning when they oc-
curred, would yield the losses accumu-
lated by early 1971. The accumulated 
loss for ten years was assumed to be ap-
proximated as .2.2 ·percent of the June 
30, 1970, perpetual 'inventory ( 844,301 
volumes), or about HJ,OOO volumes. By 
trial and error, we found that a rate of 
loss of about 0.3 percent, compounded 
annually (applied to the book inventory 
ten years earlier and picking up each of 
the annual additions as they were added 
during the next nine years) would accu-
mulate losses of approximately 19,000 
volumes over this ten-year period. This 
rate is a little higher than the 0.22 per-
cent rate obtained simply by spreading 
the accumulated rate of loss evenly over 
all years, because the collection involved 
grew rapidly during this ten-year span, 
almost doubling. 
We also looked at the publication 
dates of volumes still missing after the 
next to the last search. The publication 
dates do not indicate when a book 
might have disappeared (nor even when 
it was acquired). They do, however, lim-
it the number of years during which a 
book might have disappeared, since it 
could not have been acquired before it 
was published and so could not have dis-
appeared before that year either. Nor-
mal delays in cataloging fortify these 
assumptions. It is, therefore, probably 
significant that just under half of the 
seventy-five books missing at the time of 
the second to last search (April 1, 1973) 
had been published during the last dec-
ade, 1961-1970. This fact lends some 
support to the assumption that the 
cumulative losses might be spread ap-
proximately over the last ten years with 
some, but not great, overstatement. The 
increasing numbers shown over the indi-
vidual years from 1950 through 1970 
also roughly parallel the growth in the 
collection during this period, although 
it should be reiterated the publication 
date does not indicate when a volume 
disappeared, only the · earliest time it 
could have disappeared. 
To the estimate of a 0.3 percent an-
nual rate of loss based on our sample 
study we added an adjustment for the 
rate at which the lost volumes were 
being purged from the shelflist, since 
their having been purged precluded any 
of them from being included in the 
sample. As was stated earlier, an average 
of 445 lost volumes were purged an-
nually for the six years that such data 
were available. Since the average size of 
the collection during those six years was 
816,800 volumes, this amounted to a loss 
rate of 0.05 percent annually. Summing 
the two loss rates yielded a total estimat-
ed annual loss rate of about 0.35 per-
cent. Subject to the evidence that may 
be developed in the future showing this 
estimate to be very wide of the mark, 
losses at this rate did not seem to us to 
justify further consideration of an elec.., 
tronic security system for this collection, 
so we did not pursue that objective any 
further. 
A SECOND STUDY: THE ART AND 
ARCHITECI'URE LmRARY 
In May 1973 a second study was be-
gun in the Art and Architecture Li-
brary, one of the university's several de-
partmental libraries. This collection is 
located in a different building, near the 
schools that account for the major use 
of this material. It includes 50,202 vol-
umes. Unlike Olin Library, it uses a 
manual system to charge out books to 
borrowers, and it has no form of exit 
control. 
The sample chosen here was smaller, 
594 volumes, and, on the average, the 
searches were conducted at shorter inter-
vals than in the Olin study. The first, 
conducted on April 30, 1973, showed 
153, or 25.5 percent, of the sample to be 
missing. Eight months ( and fifteen 
searches) later, in December 1973, the 
missing total had been reduced to 55 
( 9.2 percent). By May 19, 1975, two 
years and twenty-two searches later, the 
lost volumes numbered only 33 ( 5.5 per-
cent). The curve of declining losses was 
similar to that found in the Olin collec-
tion, bulking relatively large at the · time 
of the first search but shrinking by 
about one-half after four months had 
elapsed. Beginning with the fourth 
month, an exponential equation, y = 
.1262 ( .9691t), described subsequent re-
ductions very well ( R2 = .95), just as 
it did in the Olin case. 
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On the other hand, the magnitude of 
the losses in the Art and Architecture 
Library study is much greater than in 
the Olin study. The last estimate, 5.5 
percent accumulated losses, is more than 
twice as high as Olin's was two years af-
ter the original search. At the 95 percent 
confidence level, the upper limit for the 
estimate of Art and Architecture books 
missing would be 8 percent, and the low-
er limit 4 percent. Since the staff of the 
Art and Architecture Library had made 
a complete inventory of the collection 
in the summer of 1971 and had brought 
the shelflist and inventory into agree-
ment by the time the sample was drawn, 
the estimated losses of 5.5 percent had 
accrued over a time span of only two 
years. Therefore, an annual rate of 
about 3.75 percent was implied. Vol-
umes requested by patrons that could 
not be located following searches by the 
staff were routinely deleted. (As in Olin, 
staff searches-six in the case of this col-
lection-were made over a one-year peri-
od before the items were deleted. ) The 
record of such items for the past four 
fiscal years showed an average of 309 
per year, or an additional loss rate of 
about 0.6 percent. (A few books deleted 
represent items lost by borrowers who 
make payment for the book, but these 
do not materially affect the net losses; 
although historical records of such 
items have not been kept, in the year 
ending June 30, 1975, for instance, 
there were only thirty-five items like 
this.) Adding this to the sample loss rate 
yielded an overall loss rate of 4.35 per-
cent per year, a level substantially high-
er than the 0.35 percent estimate for the 
Olin collection. The disparity in the 
two rates is still wide even if the lower 
limit of 4 percent for the sample study 
result is used; this implies an annual 
loss rate of about 2 percent, increasing 
to 2.6 percent per year when the losses 
identified through patrons' requests are 
added. Actions, including the establish-
ment of stronger exit controls, have 
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been taken to reduce losses from the 
Art and Architecture collection. 
Three reasons for the difference in 
losses between the Art and Architecture 
and the Olin collections seem plausible. 
The first is the relatively greater attrac-
tiveness of the volumes in art and archi-
tecture on the average both because of 
their contents and their higher prices. 
The second is the lack of formal exit 
control, although some minimal security 
was obtained by the surveillance of 
staff, the circulation desk being located 
near the library's exit. A third is pos-
sibly the manual system for charging 
out volumes to borrowers which, if not 
well maintained, may impair timely fol-
low-up on past due items and be more 
liable to errors or losses of data. 
EVIDENCE BASED ON OTHER 
W ASIDNGTON UNIVERSITY COLLECTIONS 
We have not made sample studies of 
other departmental collections at Wash-
ington University, but evidence is avail-
able from some of them that tends to 
help validate our estimate of losses for 
Olin, low though it appears. The biol-
ogy collection ( 27,218 volumes) con-
ducted full inventories at a two-year in-
terval ( 1971-1973) and found losses of 
1.39 percent, or about 0.70 percent per 
year on the average. The Chemistry Li-
brary ( 16,719 volumes) took inventory 
annually, and for the year ending Oc-
tober 1973 found losses only 0.18 per-
cent. The earth sciences collection 
( 19,632 volumes ) showed 0.54 percent 
missing between its 1972 and 1973 in-
ventories, while the East Asian collec-
tion ( 60,108 volumes) showed a loss 
rate of 0.19 percent during its first year 
in new quarters (it was removed phys-
ically from Olin in 1972). Bearing in 
mind that, although these collections 
usually receive close attention from 
their professional staffs, none of them 
has the kind of exit control that Olin 
has and that all use manual systems for 
charging out volumes, we think their 
loss data lend additional credence to our 
estimate of 0.35 percent per year for 
the Olin collection. 
F AcroRS AFFECTING BooK Loss RATES 
Based upon our results, it seems quite 
likely that the kind of books compris-
ing a collection can have an important 
effect on its loss rate-expensive, attract-
ive volumes of broad appeal are more 
likely to disappear than the average doc-
ument. Second, the existence of an exit 
control, the nature of the exit examina-
tion, and the thoroughness with which 
those examinations are conducted un-
doubtedly affect the loss rate, probably 
significantly. In the case of Olin, all 
persons exit through one entrance. All 
briefcases and bundles are inspected. Li-
brary-owned volumes are easily identi-
fied, and the fact that a borrower has 
properly charged out a book is indicated 
by a date stamp on a slip pasted to the 
rear flyleaf of each volume. When the 
volume is returned, this date stamp is 
overprinted by a "returned" stamp. Fi-
nally, although the standard procedures 
may be followed in the breach at times, 
by and large we believe that inspections 
are thorough. In effect, ours is a manual 
system that closely approximates an elec-
tronic system when the standard proce-
dures are followed, although it is per-
haps more subject to human frailties. 
The contrast in loss rates between the 
Olin and Art and Architecture collec-
tions clearly demonstrated the impor-
tance of these two factors in our opin-
ion. 
We have also mentioned a third fac-
tor that we think probably has some 
effect on reducing losses: the electronic 
system Olin uses for charging out vol-
umes, maintaining a record of the 
books on loan and automatically dis-
patching recall notices for past due doc-
uments. We think a well-designed sys-
tem of this type is less liable to errors, 
of both omission and commission, or to 
misuse, than at least a great many man-
ual systems. Fourthly, the loss rate in 
any library is obviously affected by the 
proportion of its volumes that circulate 
compared to those that must be used 
within the library. Less obvious, how-
ever, is another factor: the proportion 
of patrons' voluntary use of documents 
within the library, rather than with-
drawing them for use elsewhere. Espe-
cially in a university environment, the 
availability of sizable, attractive space 
designated for this purpose for under-
graduates, graduate students, and facul-
ty, including appropriate and sufficient 
study carrels, probably cuts down on the 
external use and thus on losses. 
Other factors remaining constant, it 
also seems probable that increased bor-
rowing-i.e., an increase in circulation 
for external use-would also raise the 
loss rate, although whether this would 
be proportional or not, we are unpre-
pared to say. We also suspect that 
changes in the social environment, and 
specifically the social unrest of the 
late 1960s, may also be an influence on 
the loss rate. Finally, of course, there 
may be a significant accumulated "pa-
per loss" of volumes-items physically 
present within the four walls of the li-
brary but unlocatable except by chance 
-as when books are mis-shelved either 
by staff or patrons, or when there are 
improper additions to or deletions from 
the shelflist and public catalog. 
Clearly, there is a complex of factors 
that bear on the losses incurred by any 
particular library collection, and it is no 
easy task to identify and measure each. 
Moreover, the circumstances vary so 
much from one collection to another 
that simple comparisons of loss rates 
usually will not be very fruitful. Per-
haps to oversimplify a bit, a library re-
quires a sound circulation system, 
trained operating personnel, and effec-
tive supervision, all in terms of its par-
ticular circumstances, to properly con-
trol book losses. We would suggest that 
it also needs periodic inspections and 
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sample studies like ours to verify that 
the system is, indeed, functioning ef-
fectively. 
CoNCLUSION 
We believe that the results of our 
study were important on three counts. 
First, the study reiterated the useful-
ness of sampling theory in studying 
book losses. Second, and probably more 
significant, is the discovery that there 
can be substantial returns from period-
ic searches for missing volumes. Over 
a two-year span, these cut the original 
losses by more than half in each of the 
two collections sampled. While we cer-
tainly do not suggest that the loss shown 
after an original search is always twice 
the real losses, our results do suggest 
that first search results are likely to be 
quite misleading and .that additional 
periodic searches are essential to obtain 
a reasonably accurate estimate. 
Finally, our study rather strongly sup-
ports the thesis that two factors signifi-
cantly affecting book losses are the na-
ture of the collection and the nature of 
the exit control. More sample studies, 
relating to several years, are needed be-
fore a more sophisticated model of the 
loss process can be developed. We plan 
to do additional sample studies over the 
next few years to obtain additional in-
sights into the matter of losses. 
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ON OUR COVER 
The opening in 1873 of the Chancellor Green Library for the College of New 
Jersey at Princeton symbolized. a new freedom of access that was beginning to pre-
vail among college libraries. The building was considered one of the finest in the 
country at the time. Its 18,000-volume collection began to grow at a rapid pace 
under the hands of its new librarian, Frederic Vinton. Given the title of the distin-
guished jurist, Henry Woodhull Green, to inake clear that it was named for him 
and not the donor, the building was the gift of his brother, John Cleve Green, who 
provided the $120,000 fund. The Victorian Gothic octagonal structure, flanked by 
two small outlying octagons, was sixty-four feet in diameter and fifty feet in height, 
with the second floor made of perforated iron to permit the librarian to see ·everyone 
in the library from his place in the center of the reading room. (The exterior is 
shown in our January issue, p.38). The ornate showplace served the college for some 
twenty years when, with the construction of the connecting Pyne Library with a ca-
pacity of one million volumes, the old ~brary was transformed into reading rooms 
for the library of the newly named Princeton University. At last in 1948, with the 
construction of the Harvey S. Firestone Library, the old buildings were converted 
to other uses. The Chancellor Green Library itself is now the student center.-
W. L. Williamson, Professor, University of Wisconsin-Madison 
